Introduction
This chapter describes an air quality-monitoring project carried out in Metro Manila in the Philippines in 2006. We developed a real-time environmental and atmospheric sensing system and used it to measure air pollution and weather parameters remotely in order to simulate the gathered data with a 3D fluid simulator and another simulation model. Traffic count surveys were also conducted to acquire road traffic data to allow us simulate traffic density and traffic flow.
In urban areas of the Philippines, industrialization and the rapid growth of motorization has caused serious environmental problems to local residents (Lodge, 1992; Isidrovaleroso et al., 1992) . In this study we established a system and methodology for monitoring air pollution in real time and to evaluate related environmental aspects by using the latest sensing network technology. For this project, we used a small nitrogen dioxide (NO2) sensor and a suspended particulate matter (SPM) sensor, both of which we developed. These air pollutant sensors can perform real-time monitoring at several monitoring points along a road network. SPM has recently been recognized as an air pollutant that has a causal correlation with the human fatality rate (Sabin et al., 2005) , and NO2 is recognized as an air pollutant that causes respiratory illness (Smith et al., 2000) . In conventional studies, air pollutant amounts are measured with passive samplers that require very longer measurement periods of up to a month, and no dynamic validation has been conducted in real time. The air pollutant concentration will fluctuate widely over short intervals and the weekly/monthly average concentration could be far lower than the actual daily peak. Macroscopic and microscopic transportation and environment models have been developed to predict the pollutant concentration from the aggregate transportation demand and traffic flow simulations, but there has been no dynamic validation of the pollutant concentrations. By measuring pollutant concentrations and weather parameters at ten-or sixty-minute intervals, the daily variation can be measured and the correlation between pollutant concentration, weather parameters and traffic volume can be simulated.
The results obtained with the simulation system will be useful for the evaluation and implementation of urban transportation policies, pollution countermeasures, guidelines and human resource programs. The environmental impact of policies and social experiments can be directly with an SPM and NO2 measurement network system, which will be very useful for policymakers and decision-makers in national and local government agencies.
Development of real-time sensing network

System outline
A real-time sensing network system was established with the following process:

The observation data are periodically transferred over a cell-phone (GPRS) from the sensors installed along an arterial road in Metro-Manila to Server I (PH-SV) in which they are stored.
The data stored in PH-SV are periodically transmitted to Server II (JP-SV) over the Internet, and stored.  In JP-SV, raw SPM data are converted into mass density (μg/m 3 ), and NO2 data are converted into concentration (ppb) using the above-mentioned arithmetic expression.
In JP-SV, the calculated data are stored in RDBMS (PostqreSQL) and the WEB application provides some functions (time-series graphs of SPM and NO2, data search and data download, etc.). By employing these functions, these data can be accessed from anywhere and at any time via a PC that is connected to the Internet. The data measured and output by a weather sensor are understandable as they are, so they do not need to be processed with an arithmetic expression. The outline of our project is shown in Fig. 1 . 
System diagram
A chart showing the composition of the entire system is shown in Fig. 2 . In this section, we describe each mechanism of the system separately. The system is divided into the following four parts:
1. Sensor to PH-SV: Transfer each sensor's measurement data (raw data) to PH-SV over the GSM/GPRS wireless with a controller programming method. 2. PH-SV to JP-SV: Transfer the raw data from PH-SV to JP-SV over the Internet with a UNIX secure protocol. 3. Calculation application: On JP-SV, calculate the raw data into concentrations by using each expression and store them in a database. 4. Web application: Provide certain functions (e.g. graph view, data selection and data download) for web application. 
Principles and performance of environmental sensors
NO2 sensor
The NO2 sensor is an accumulation type sensor (Tanaka et al. 1999) . The sensor element that detects NO2 has a reagent contained in porous glass that reacts chemically only with a particular gas (diazo coupling reaction) as shown in Fig. 3 (a) . This sensor consists of 1-mm thick porous glass sheets with an average pore diameter of 4.6 nm, a vacancy ratio of 28%, and a specific surface area of 195 m 2 /g, cut into 8 x 8 mm chips. After exposure to ambient NO2, the chips turn pink. A specific single absorption peak appears at 525nm and it is clear that the absorbance increases as the exposure time increases. This pink material is stable and there is no change in the absorbance after the preservation of the exposed samples in a dry nitrogen atmosphere. The NO2 concentration was calculated from the absorbance difference at 525 nm and the exposure time.
NO2 monitoring device
A device has been developed that can detect low levels of NO2 gas (Maruo et al. 2003) . The device consists of a sensor element, an absorbance meter with a single wavelength (525 nm) light source, a controller containing a data converter and a mobile modem to make it possible to transfer data from the device to a central PC through a wireless network. The device is outlined in Fig. 3 (b) . It is very compact with dimensions of 200 mm W x 100 mm D x 85 mm H. Another feature of the device is that it has no pumping unit for replacing the air above the sensor. Instead, the body includes an electric heater (electric board) to provide a convection flow and several slits for ventilation. It is possible to calculate the ventilation speed using a simple structural model and factors related to the energy consumption of the electric board and the difference between the temperatures outside and inside the device. This gives a value of about 1l/min indicating that the inside air is replaced in <1.5 min. 
SPM sensing device
A suspended particulate matter (SPM) sensing device has been developed (Tanaka, et al., 2004) and used to measure the relative SPM concentration in ambient air with the rightangle light scattering method according to the particle diameter at the time the particles pass through it. SPM is thought to be a cause of respiratory ailments such as asthma, because it can easily reach the respiratory organs. In this study, we set up this compact SPM sensor with a GSM/GPRS network module along with an NO2 sensor and a weather transmitter (WXT520, VAISALA) to develop a real-time sensing network.
As illustrated in the Fig. 4 , this SPM sensor employs an optical particle counter based on the right-angle light scattering caused by suspended particles, and determines the number of particles and their diameter. By combining a dilutor with a particle counter, high SPM concentrations can be detected up to a maximum of 12,000 particles/cc. Since the amount of light that is scattered depends on the particle size, a pulse-height analyzer makes it possible to count particles classified into five diameter ranges, namely 0.3-0.5, 0.5-1.0, 1.0-2.5, 2.5-7 and 7-10 μm, according to the scattered light pulse intensity.
The SPM sensor used here is less than one tenth the size of conventional SPM monitoring instruments. 
Experiment in Metro Manila
Outline of experiment
In this study, we established three monitoring. Of these monitoring points, two were beside a busy thoroughfare within the Makati Commercial Business District (Makati CBD) to study the variation in air pollution effected by street canyons and traffic on the road. While the third monitoring point focused on the background conditions used for running the simulation study.
The equipment employed for the study consisted of two NO2 monitoring devices, one SPM sensing device, and two weather stations. One NO2 sensor, one SPM sensor and one weather station were prepared for roadside installation in the Makati CBD. The remaining NO2 sensor and weather station were used to collect background data.
The weather stations should be more than 5 meters above the roof deck. This is because, in this study, the representative wind velocity of the monitoring point is measured by the weather station and the measurement should be 5 meters above the roof deck or side wall of a building to avoid the influence of the boundary layer from those objects.
The Intellectual Property Office (IPO) Building and the Board of Investments (BOI) Building, both on Senator Gil J.Puyat Avenue in the Makati CBD in Metro Manila were selected as the locations of the first two monitoring points for the study. And both have canopies over their front entrances that jut out towards the roadside and over which the SPM and NO2 sensors were easily mounted.
Both buildings also have roof decks that have no street canyon effect. Therefore, portable weather stations can be installed on those roof decks to provide wind speed, wind direction, air temperature, air pressure, relative humidity, and precipitation data. The third monitoring point is located inside the National Mapping and Resource Information Authority (NAMRIA) compound inside the Fort Bonifacio military reservation less than 6 km south east of the first two monitoring points. 
Monitoring point; IPO
The IPO building is located on Senator Gil J.Puyat Avenue about 300 meters far from its corner with Makati Avenue. The road in front of the IPO has six lanes and is about 22 meters wide, and the IPO is in a street canyon. The IPO building also has a canopy that induces a street canyon effect. NO2 and SPM sensors were mounted on the canopy because it is 3 meters above the ground. The IPO building also has an accessible roof deck, but there is a wall on the roof deck. To avoid the boundary layer and turbulences caused by this wall, the weather station was mounted on the top of a pole that was fixed to handrails. 
Monitoring point; BOI
The BOI building is also located along Senator Gil J.Puyat Avenue. The road in front of the BOI also has six lanes and is about 22 meters wide. The BOI building is not in a street canyon but in an open space. The NO2 sensor and the SPM sensor were installed at the top of the canopy at a height of 3meters.The canopy and therefore the sensors are 3 meters away from the vehicular road. The BOI building also has a roof deck that we can access, but there is a structure on the roof deck. To avoid the boundary layer and turbulences induced by this structure, the weather station was set on the top of a pole that was fixed to the handrails of the structure. 
Monitoring point; NAMRIA
NAMRIA is located along McKinley Road. The road has four lanes and is 12 meters wide. To avoid the air pollution from McKinley Road, the NO2 sensor was mounted on the roof of a security office more than 150 meters from the road. The roof is only 3 meters above the ground but there is adequate security so the NO2 sensor was set on the roof of the security office. The weather station was installed on the top of a pole, which was raised on the roof deck of the NAMRIA building. 
Measurement schedule
In this study, measurements were gathered for over 2 weeks at each monitoring site, IPO and BOI. Two NO2 sensors, one SPM sensor and two weather stations were mounted along the time schedule indicated in the table 1. In this project, traffic volume was determined at a midblock section and an intersection.
Monitoring at the first location involved establishing an observation line across the road of interest and locating it directly in front of the sensors. We then counted the number of vehicles that crossed the line during a pre-set time period of 3-4 hours for peak observations (4 hours in the morning and another 3 hours in the afternoon) 2 hours at night and 2 hours for off-peak observations. A video camera was mounted on top of the IPO and BOI buildings to record the traffic and counts were measured later (not in real time). The typical set-up is shown in Fig. 10 . The survey was scheduled to be undertaken on at least one weekday and one weekend (Sunday) during the following time periods:
 6:00 AM -10 AM (AM peak)  11:00 AM -2 PM (daytime off-peak)  4:00 PM -7 PM (PM peak)  2:00 AM -4:00 AM (nighttime off-peak)
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Vehicle classifications for the traffic counts include the following:
(1) passenger car, (2) light truck, (3) private jeepney, (4) van, (5) medium truck, (6) minibus, (7) taxi, (8) heavy truck, (9) bus, (10) FX taxi, (11) public utility jeepney, and (12) motorcycle/tricycle
Vehicle speed surveys
Vehicle speed, generally referred to as the distance in kilometers that a point on a vehicle travels per hour of elapsed time, is as important as traffic volume because different speeds will yield different emission levels, resulting in varying amounts of pollutant deposition. It is for this purpose that the speeds of vehicles traversing the road were obtained for later association with traffic volume and pollutant emissions for modeling studies.
Results of experiment
Results of traffic count surveys
Traffic surveys were conducted on four days: The raw data for each day were encoded and processed for the morning and afternoon peak periods as well as the noontime off-peak period. Sample outputs from the surveys are shown in Fig. 11 . Figure 12 shows examples of time-series plots of NO2 concentrations obtained at two different points (IPO and NAMRIA). The experiment at IPO was performed between Dec. 16, 2005 and Jan. 9, 2006 , and that at NAMRIA from Dec. 22, 2005 to Jan. 23, 2006. We used two NO2 sensors; one was used for the measurement at NAMRIA and the other for the measurements at IPO and subsequently at BOI.
NO2 measurement results
Data were acquired by a sensor and transferred to a server at one-hour intervals. Although some data were lost when the data collection failed, we were nevertheless able to measure the accumulated NO2 concentration. This is because we used an accumulation type sensor as described above. The one-hour NO2 concentration value for a period where data collection failed was calculated as a mean value. For example, we successfully collected data at 15:00 after failing for four hours (from 11:00 to 14:00 on Dec. 16, 2005) . The accumulative NO2
Air Quality -New Perspective 58 amount for five hours (from 11:00 to 15:00) was calculated at 242 ppb, giving a one-hour mean value of 48 ppb. In Fig. 12 , the parts showing the mean values are indicated by A. Figure 13 shows the six-hour average NO2 concentration for weekdays at the three points. For both BOI and NAMRIA, the peak concentration hour appears during the second period (from 7:00 to 12:00), which corresponds to peak traffic hours. On the other hand, for IPO, the peak concentration hour appears during the third period (from 13:00 to 18:00), which does not correspond to peak traffic hours. The peak concentration hours for IPO appeared after those of both BOI and NAMRIA. We assume this to be because IPO is in a canyon. It has been reported that NO2 becomes concentrated in canyon areas after peak traffic hours (Maruo et al. 2003) . Figure 14 shows time-series plots of SPM concentrations at a monitoring point (IPO). The experiment at IPO ran from Dec. 16, 2005 to Jan. 5, 2006. Since we had one SPM sensor set, we used it first for the measurement at IPO and then moved it to BOI. Data were acquired by the sensor and transferred to a server at ten-minute intervals.
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SPM measurement results
The one-hour average SPM mass concentration for weekdays was about 25 % higher than the weekend concentration. The mass concentration was considerably smaller than the already reported value (Santos et al. 2006 , Oanh et al., 2006 . Figure 15 shows the sixhour average SPM mass concentration for weekdays at IPO. The peak concentration hours appear during the second period (from 7:00 to 12:00), which corresponds to peak traffic hours. 
Simulation and consideration
Objective of simulation
An analysis of the data we obtained from the sensors located on the IPO and the BOI buildings provided a lot of information about the SPM and NO2 concentrations as described in section 5. Although these sensors gave us detailed information, it was only about the areas around their locations. It is difficult to infer what is happening in the target area around the Makati CBD solely from the sensor data.
A 3-D fluid simulator can show us what is happening in a target area better than sensors. We simulated pollutant concentrations using the data obtained from the sensors to understand which areas have high concentrations of pollutants in the Makati CBD and how wide these areas are. The results will be useful for evaluating and implementing urban transportation policies, pollution countermeasures, guidelines, and human resource programs. These results will also be very useful for policymakers and decision makers in national and local government agencies.
An analysis of the data obtained from the NO2 sensor located on the IPO building showed that the NO2 concentrations exceeded the Japanese environmental quality standard levels of 40 and 60 ppb (EQS, 2012) . For public health reasons, it is preferable that NO2 concentrations not exceed that standard. The distribution of the NO2 concentration was calculated around the Makati CBD in this study, and regions where the NO2 concentration exceeded 40 or 60 ppb were identified.
Model description
The 3-D localized atmospheric environment simulator is an integrated system that can consistently perform all the required processes ranging from collecting data, such as a map model and initial conditions, to confirming the calculation results. The simulator is based on an air flow simulator developed by Kozo Keikaku Engineering, Inc. (KKE, 2012) . A hydrodynamic method is used to calculate the advection and diffusion of pollutants in the atmosphere in three dimensions. This allows us to take account of the shapes and heights of buildings, which was not possible with conventional two-dimensional calculations. A 3-D computational domain can be easily made from a digital map that includes the shape and height of buildings and road networks. As a result, the simulator allows the calculation of the distributions of temperature, humidity, car exhaust emissions, heat radiated by buildings, etc. in an urban environment where wind flows are very complex. Numerical analysis by the finite volume method is used to solve the continuity equation that is derived from the assumption that the flow is a three-dimensional incompressible viscous flow, and from the Navier-Stokes, energy, and advective-diffusion equations.
The main characteristic of this 3-D fluid simulator (Tanaka et al., 2004) is that it calculates the photochemical reactions of pollutants and air flow simultaneously. Motor vehicle exhaust gas contains many air pollutants including NO and NO2. NO reacts quickly with ozone to form NO2. However, sunlight breaks down NO2 via a photochemical reaction, so the simultaneous calculation of photochemical reactions and air flow makes it possible to simulate the NO2 concentrations more precisely. We simulated the NO2 concentration around the Makati CBD, and analyzed the simulation results to identify areas of high concentration.
Conditions and input parameters
Various parameters including wind conditions and the amount of air pollutants from motor vehicles should be established to simulate air pollutant concentrations by numerical analysis. The settings of these parameters are described in this section.
The NO2 concentrations in the air near the IPO and BOI buildings fluctuated widely throughout the day as discussed in section 5. Although these fluctuations were more prominent because the sensors were located near the main road, the pollutant concentrations over the whole area fluctuated like those near the roadside. Since the purpose of the simulation was to identify the areas where the NO2 concentration was high, and these areas varied based on the time of day, we selected three characteristic time periods when calculating the distribution of the NO2 concentration:
1. low concentration: 2:00 -3:00 AM, 2. high concentration: 11:00 AM -12:00 PM, 3. many people are outdoors: 5:00 -6:00 PM.
W e c a l c u l a t e d t h e m o s t f r e q u e n t w i n d d i rection and the average wind velocity and background concentration for each time period and we used all the data obtained in this experiment to calculate these average values and thus simulate the distribution of the NO2 concentration under typical conditions in the Makati CBD in winter. Data gathered on weekends were excluded from the calculation of the average background concentrations because of the difference between weekends and weekdays. We simulated weekday conditions because the pollutant concentrations on weekdays were higher than those at weekends.
Computational domain
3-D and 2-D representations of the computational domain are shown in Fig. 16(a) and (b) , respectively. This computational domain was made from a digital map that includes road networks, road widths, building shapes, and building heights. The size of the target area was 2.2 square kilometers, and the center was around the intersection of Makati and Sen. Gil Puyat Avenues. Sen. Gil Puyat Avenue is shown as a blue line and the IPO and BOI buildings are shown as green blocks.
An orthogonal grid system was applied. Its specifications are as follows. 
Sources
Motor vehicles that drive down Sen. Gil Puyat Avenue were considered to be sources of air pollution. Although the simulated NO2 concentration distribution, which assumes that air pollutants are emitted from only one road, may differ from the actual distribution in the Makati CBD, we can identify the effect of air pollutants emitted from vehicles on the road. The volumes of emitted air pollutants were estimated from traffic volumes and vehicle speeds measured in this experiment. We used the emission factor proposed by the Asian Development Bank in 1992 (ADB, 1992) . Although the 1992 emission factor is different from the current one, we assumed that the ADB emission factor is the most reliable one available in the Philippines. The vehicle classifications used with the ADB emission factor are different from those for the traffic counts in our experiment. The correspondence between the ADB vehicle classification and ours is shown in Table 3 . We calculated the NOx emission volume using the ADB emission factor. The NOx emission volume is the sum of the NO and NO2 emission volumes. The NO and NO2 emission volumes are needed to simulate the photochemical reaction process. Emission volumes of pollutants other than NOx, such as NMHC, are also needed. These emission volumes were estimated using the ratio of these emissions compared with the NOx emissions reported by Tange (Tange, H. et al. 1987) . We used the traffic volume measured on January 5, 2006. 
Boundary conditions
Wind flowing into the target area and the concentrations of air pollutants in the inflowing wind were established as boundary conditions. Values measured by sensors located near the NAMRIA building were used to calculate these conditions. The average values for each period were also calculated as typical background conditions in winter from the data obtained in this experiment.
The average direction and velocity of the wind were calculated using the data collected for days between December 19 and January 9. The most frequent wind direction was chosen as the average wind direction for each period. The average wind velocity was calculated using the data when the wind direction was the same as the average wind direction. Table 5 lists the average wind direction and velocity for each period. The 1/4-power law (Peterson and Hennessey, 1978) was applied to obtain the vertical profile of the wind velocity. Average NO, NO2, O3, and NMHC concentrations were established as background concentrations. These chemical substances were incorporated in a photochemical reaction model that was used in this study. Their concentrations were calculated using the data for days between January 4 and 25. Data gathered at weekends were excluded from the calculation of the average background concentrations because of the difference between weekends and weekdays. Table 5 also lists the background concentrations of each pollutant for each period.
Photochemical reaction model
Various photochemical reaction models that consist of hundreds of elementary reactions have been previously been proposed for precisely simulating the complex chemical reaction process (Finardi et al., 2008 , Kamin et al., 2008 , Vuilleumier et al., 2001 , Collins et al., 1997 . Although these models can simulate the chemical reaction process precisely, they require long calculation times. In this study, we used the RS32 model, which consists of only 12 elementary reactions and that can be used to simulate a photochemical reaction (Tange et al., 1987) . A comparison of the average NO2 concentration of data measured on weekdays and simulated NO2 concentrations at a height of 3.5 m in front of the IPO and BOI buildings is shown in Fig. 18 These bar charts indicate that the simulated NO2 concentrations in front of the IPO building were close to the averages measured NO2 concentrations. On the other hand, the simulated NO2 concentrations in front of the BOI building based on conditions at 11:00 -12:00 and 17:00 -18:00 were lower than the measured averages. We infer that there are two main reasons for these differences. One is that air pollutants emitted from motor vehicles on Paseo De Roxas, which runs near the BOI building, were not considered in this study. The other reason is that the BOI building is located about 90 m from the nearest intersection. Most of us would accept that the emissions from vehicles driven in the vicinity of an intersection would exceed those of other locations on the avenues because of acceleration and idling. The simulated NO2 concentrations were lower than the actual values because our calculation were based on the assumption that the same emission volumes were emitted regardless of the distance from the intersections. We assume that the simulation results are reliable for analyzing the effect of air pollutants emitted from vehicles on Sen. Gil Puyat Avenue. The simulated NO2 concentrations in front of the IPO building are similar to the measured values. The simulated and measured NO2 concentrations obtained in front of the BOI building are somewhat different as explained above. The distributions of the NO2 concentrations around the IPO and BOI buildings that were calculated based on conditions at 11:00 -12:00 are shown in Fig. 17(c) . The NO2 concentration in front of the IPO building was higher than that in front of the BOI building. There are high buildings on both sides of the street in front of the IPO building, thus
